Kathmandu, the capital of Nepal, faces increasing environmental problems such as heavy air pollution and lack of proper waste management. The aim of this study was to examine if the soils are also affected by pollution, with the focus on polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs). The sum of 20 PAHs in surface soils ranged between 184 and 10279 lg kg
Introduction
Kathmandu, the capital of Nepal, faces increasing environmental problems caused by rapid and uncontrolled urbanization (HMNG-MoPE, 2000) . 0146 -6380/$ -see front matter Ó 2006 Elsevier Ltd. All rights reserved. doi:10.1016/j.orggeochem. 2006.11.002 A major factor of concern is heavy air pollution, which is caused by traffic and industrial exhaust (Shrestha and Malla, 1996; Sharma, 1997) . This is enhanced by the location of the city in a basin-like valley, which acts as a trap for aerosols (Gautam et al., 2004) . Like most developing countries, Nepal still lacks proper waste management and an environmental consciousness among the population, which results in uncontrolled disposal of hazardous waste, especially onto the river banks (Pokhrel and Viraraghavan, 2005) . The aim of this study was to examine if the soils in the Kathmandu valley are also affected by environmental pollution, or if processes like biodegradation, volatilization or photodegradation predominate due to the warm/humid monsoon climate and the relatively high altitude.
Soils are an important sink in pollution cycling (Mackay et al., 1991; Marschner, 1998) . However, they can also act as a contributor of persistent organic pollutants (POPs) to the atmosphere, especially of semi-volatile compounds in warm climates (Dalla Valle et al., 2005) . Usually, urban soils show greater contamination than rural sites, due to the vicinity to point sources (Eusterbrock, 1999; Omar et al., 2002) . Today, urban soils in temperate regions have been examined quite well with respect to their pollution status. More recently, research interest has shifted to tropical and subtropical regions. Some studies indicate a low state of pollution by POPs in these regions, possibly due to enhanced volatilization and microbial degradation (Wilcke et al., 1999a (Wilcke et al., ,b, 2003a . Iwata et al. (1994) found a positive correlation between organochlorine concentration ratios in sediment and water phases and sampling latitude, which suggested that persistent and semivolatile compounds discharged in the tropics tend to be redistributed on a global scale, especially at higher latitude (Wania and Mackay, 1996; Gouin et al., 2004) , a phenomenon known as ''global distillation''.
Polycyclic aromatic hydrocarbons (PAHs) are a class of POPs produced by incomplete combustion of organic material (Bliefert, 1997) . Their main source in the environment is of anthropogenic origin, namely combustion of fossil fuels such as petroleum and coal containing considerable amounts of PAHs (Wilcke, 2000; Bamforth and Singleton, 2005) . There are also natural pyrogenic sources like vegetation fires or volcanic eruptions. Additionally, biological formation of perylene under anaerobic conditions has been reported (Venkatesan, 1988) . PAHs are closely connected to aerosols or soot particles produced by industrial or traffic exhaust (Mantis et al., 2005) . Accordingly, they are of special interest in heavily polluted urban areas. As ubiquitous contaminants, they are particularly harmful as a result of their carcinogenic and mutagenic properties (Eisenbrandt and Metzler, 1994) .
In contrast to PAHs, polychlorinated biphenyls (PCBs) are solely of industrial origin. Since the end of the 1920s they have been widely used in electrical equipment like capacitors and transformers, and as hydraulic fluids, flame retardants, plasticizers, heat exchangers, or additives in pesticides (Erickson, 2001 ). However, they are also persistent environmental pollutants that bioaccumulate in the food chain. In humans, certain congeners are teratogenic, immunogenic or carcinogenic and act as environmental estrogens (Eisenbrandt and Metzler, 1994) . Therefore, their manufacture, use and importation have been phased out since the 1970s (Breivik et al., 2002) . However, closed systems with long service life (e.g. transformers and hydraulic systems) containing PCBs are still partly in use. Inadequate scrapping and disposal can lead to further emissions (Bliefert, 1997) .
Material and methods

Sampling sites, sampling and standard analysis
Kathmandu is situated in the Kathmandu Valley, which is inhabited by about 1.6 million people and contains Patan, which is separated from Kathmandu only by the Bagmati River, and some smaller villages (HMNG-MoPE, 2003) . The valley is located within the Middle Mountain Zone, between 27°37 0 30 00 N and 27°45 0 00 00 N, and 85°15 0 00 00 E and 85°22 0 30 00 E (Sapkota and Dhaubhadel, 2002) , and has a basin-like shape with a diameter of 30 km E-W and 25 km N-S. The surrounding mountains are between 2000 and 2800 m above sea level (a.s.l.) and the valley floor is on average 1350 m a.s.l. The soils, derived mainly from lacustrine and fluviatile sediments (HMND-MoPE, 2000) are classified as Fluvisols according to the World Reference Base (FAO, 1998) . About 80% of the mean annual precipitation of 1400 mm falls between June and September. The mean annual temperature is about 18°C (HMNG-MFD, 2005) .
Sampling of the 39 surface soil samples (0-5 cm) was conducted with a steel spatula between April 17th and 20th, 2004. The samples are categorized into nine land-use classes: street (ST), park (PA), industrial district (IN), river sediment (RI), residential area (RE), petrol station (PE), gutter (GU), garden area (GA) and a second park, called Swayambunath (SW), situated on a hill. Three profiles were sampled with an Edelman auger at 0-5, 5-10 and 10-15 cm depth in Swayambunath and 0-10, 10-20 and 20-30 cm depth at the garden site. Additionally, litter samples (L) were taken at Swayambunath. A detailed description of the land-use classes is given in Table 1 . Fig. 1 shows the positions of the sampling sites. The samples were transported in closed aluminium containers to the laboratory where they were air-dried for 4 d before sieving (< 2 mm). Organic carbon, total nitrogen, pH, electric conductivity and texture were determined according to standard methods.
PAH and PCB analysis
Between 10 and 20 g of sample were filled in to cells for accelerated solvent extraction (ASE). The cells were filled with coarse Celite 545 coarse (FLUKA, Sigma-Aldrich, Steinheim, Germany). Prior to analysis, 100 lL of a solution with eight deuteriated PAHs (NAPH-D8, ACE-D10, FLU-D10, ANT-D10, PYR-D10, CHR-D12, PER-D12, BGHI-D12 at 4 lg mL À1 ) and 25 lL of a solution with seven 13 C-marked PCBs (PCB 28-13 C, PCB 52-13 C, PCB 101-13 C, PCB 138-13 C, PCB 153-13 C, PCB 180-13 C, PCB 209-13 C at 0.3 lg mL À1 ) were added to the soil as internal standards. Extraction was conducted with an Accelerated Solvent Extractor (Dionex ASE 200, Dionex Co., Sunnyvale, CA) using hexane:acetone (2:1) as solvent. Each sample was extracted in two cycles of 5 min at 1.4 MPa and 120°C. Extracts were evaporated to 1 mL and dried with Na 2 SO 4 . They were cleaned up using solid phase extraction with 2 g Al 2 O 3 (MP Biomedicals, Eschwege, Germany) in the upper part and 2 g silica gel (Merck, Darmstadt, Germany) in the lower part, both deactivated with 5% deonized H 2 O. The column was eluted sequentially with 15 mL hexane, 5 mL hexane:CH 2 Cl 2 (9:1), and 20 mL hexane:CH 2 Cl 2 (4:1). The PAHs were concentrated in toluene with a rotary evaporator at 35°C and 280 mbar and spiked with 25 lL FLA-D10 (20.04 lg mL À1 ) for quantification, prior to injection into a gas chromatograph.
Extracts containing a high amount of waxes, e.g. the litter samples, were further cleaned up using columns filled with 1 g HR-P resin (polystyrene-divinylbenzene co-polymer, Macherey-Nagel, Dueren, Germany). After the sample was applied to the column, it was washed with 10 mL hexane before elution with 20 mL toluene. The eluate was evaporated at 65°C and 150 mbar.
A number (26) of the samples showed interfering peaks, caused by non-polar substances, during PCB measurement. These could be removed by a column filled with 9 cm 33% deactivated NaOH-silica [1 cm activated, 10 cm 44% deactivated (H 2 SO 4 ) and 2 cm 22% deactivated (H 2 SO 4 )]. PCBs were eluted with 60 mL of hexane, which was evaporated at 35°C and 280 mbar. This purification step has to be conducted after PAH measurement because these would be destroyed or sorbed by the column. Measurements were conducted with an HP 5890 gas chromatograph, equipped with an HP 5-MS fused silica column of 30 m, 0.25 mm i.d. and 0.25 lm film thickness. He (99.7%) was used as carrier gas at a constant pressure of 80 kPA. For measurement, 1 lL of purified extract was injected by an HP 5890 autosampler. The PAHs naphthalene (NAPH), acenaphthylene (ACY), acenaphthene (ACE), fluorene (FLU), phenanthrene (PHE), anthracene (ANT), fluoranthene (FLA), pyrene (PYR), benzo(a)anthracene (BAA), chrysene + triphenylene (CT), benzo(b+j+k)flouranthene (BBJK), benzo(a)pyrene (BAP), benzo(e)pyrene (BEP), perylene (PER), indeno(1,2,3-cd)pyrene (IND), dibenzo(a,h)anthracene (DBAH) and benzo(ghi)perylene (BGHI), as well as PCB congeners 8, 20, 28, 35, 52, 101, 118, 138, 153, 180, 206, 209 (nos. according to Ballschmiter and Zell, 1980) were identified with a coupled HP 5971 A mass spectrometer using selected ion monitoring (SIM). The following temperature programmes were used: PAHs -4 min at 85°C, 15°C min À1 to 150°C (held 1.5 min), to 300°C at 5°C min À1 (held 4 min); PCBs -2.7 min at 120°C, 10°C min À1 to 190°C (held 2 min), to 250°C at 9°C min À1 (held 1 min), to 300°C at 14°C min À1 (held 10 min). To eliminate background contamination, three blanks (Celite only) were extracted, purified, and analysed in the same way as the samples. Naphthalene was the only PAH detected. The mean concentration was substracted from sample concentrations. The results for naphthalene should generally be interpreted carefully, since considerable amounts can vaporize during air drying and may also contaminate other samples (Wilcke et al., 2003b) . The PCB background contamination was more evident. The rarely used PCBs 35 and 209, as well as PCB 20, were not found in the blanks. The less-chlorinated PCBs 8, 20 and 52 were found in relatively small amount but some more chlorinated ones, especially congener 206, were more abundant. Recovery ranged from 62% to 107% for all PAHs, except naphthalene which had a lower recovery for samples purified with HR-P columns (12.3-16.9%). This can be attributed to the fact that a high temperature and strong vacuum are needed for the evaporation of the elution solvent toluene, resulting in loss of the semi-volatile naphthalene. Recovery of the internal PCB standards was acceptable, ranging from 72% to 81%.
Compound specific d 13 C analysis
Six selected PAHs [PHE, BAP, BEP and PER, as well as benzo(b)flouranthene and benzo(k)flouranthene, BBK, which could not be separated] were analysed for their compound specific d 13 C value. About 100 g of sample were extracted and purified as outlined above, except for addition of internal standards because of the insufficient separation of PAHs and their deuteriated counterparts and the resulting interference in compound specific d 13 C determination. All extracts were additionally purified using solid phase extraction with 1 g HR-P resin. The gas chromatography-combustion-isotope ratio mass spectrometry (GC-C-IRMS) system consisted of a Trace GC 2000 gas chromatograph coupled to a Delta Plus isotope ratio mass spectrometer (Thermoquest, Bremen, Germany) via a Thermoquest Finnigan GC Combustion III unit. PAH separation was carried out with a Hewlett-Packard 5-MS fused silica column (60 m, 0.25 mm i.d., 0.25 lm film thickness) with He (99.7% purity) as carrier gas (constant pressure mode, 80 kPA) and an injection volume of 1 lL (splitless injection). For calibration, pulses of CO 2 (99.7% purity, Riessner Gase, Lichtenfels, Germany) with an isotopic signature set at À42&, were discharged directly into the IRMS at defined times.
For identification of individual components via retention times and for correction of a potential amount-dependence of the isotopic signature, the samples had to be analysed in conjunction with external standards at different concentrations (Glaser and Amelung, 2002; Schmitt et al., 2003) . The range of the external standard series was chosen to cover the calibration range of the measuring device and the concentration range of the samples.
The following concentrations were selected: 5, 25, 50, 100, 140 and 200 lg mL À1 . Due to the lack of certificated standards for GC-C-IRMS, the d 13 C values of the PAH standards were also measured via dry combustion with a Carlo Erba CN 2500 elemental analyser (EA), coupled to the same IRMS as the GC-C. To obtain accurate d 13 C values, sucrose ANU (International Atomic Energy Agency (IAEA), Vienna, Austria) and CaCO 3 (NBS 19, Gaithersburg, MD) were used as certificated calibration standards. Additionally, the bulk d 13 C value of each soil sample was also measured using EA-IRMS. Each standard and sample were measured four times.
Statistics
To achieve normal distribution, the variables were log transformed. Normal distribution was tested with the Kolmogorov-Smirnov Test. Significance of differences in the mean values was tested with the Kruskal-Wallis Test. Correlations were tested using Pearson's correlation coefficient. The significance level in both tests was set to 0.05. Cluster analysis of surface sample spots was performed with Ward's algorithm as linkage rule and the squared Euclidean distance as distance measure. To eliminate possible correlations between the variables, the cluster analysis was conducted with the factor loadings derived from a principal component analysis (PCA). PCA was conducted using factor extraction with an eigenvalue >1 after Varimax rotation. Significance was set to p < 0.05.
Results and discussion
PAH and PCB concentrations
The amount of total PAHs in surface soils (0-10 cm in garden profiles, 0-5 cm in other samples) ranges between 184 (sample industry 2) and 10279 (sample gutter 2) lg kg À1 , with an arithmetic mean of 1556 lg kg À1 (Table 2) . Additionally, the sum of 16 reference PAHs by the Environmental Protection Agency (EPA-PAH) and the sum of combustion-derived PAHs (COMB-PAH) were calculated ( Table 2 ). The latter are the higher condensed PAHs FLA, PYR, BAA, CHR, BBJK, BEP, BAP, IND and BGHI, which are mainly of pyrogenic origin (Hwang et al., 2003) . The five ring PAH perylene is not considered as a combustion PAH as it is not thermally stable (Jiang et al., 2000) .
The concentrations of the sum of 12 PCBs in the surface soils ranges from 356 (sample garden 3) to 44710 (sample industry 1) ng kg À1 , with an arithmetic mean of 4965 ng kg À1 (Table 2 ). The sum of 6 indicator congeners (28, 52, 101, 138, 153, and 180) proposed by Ballschmiter and Zell (1980) and the sum of 7 EU indicator congeners (28, 52, 101, 118, 138, 153, and 180; Motelay-Massei et al., 2004) were also calculated. Some locations show both high PAH and PCB concentrations and can be regarded as ''hot spots''. This is especially the case for the gutter, which acts as a trap for pollutants, and the samples street 4, street 9, and industry 1. The high values of sample street 9 can be explained by contamination with used oil (e.g. hydraulic fluid), derived from the breakdown of old vehicles and machines for iron recycling. Remarkable is the influence of the city upon PCB concentrations in the river samples. Samples river 1 and river 2 (taken before the river enters the city) have considerably lower values than the other river samples. The maximum concentration was measured at sample river 4, taken in the inner city. This demonstrates the abuse of the river as a rubbish dump and the relevance of waste containing PCBs, even several years after their prohibition.
Classified by land use, it is evident that the gutter shows significantly higher PAH and PCB concentrations than the other classes (Fig. 2) , which can be easily explained by the accumulation of material washed off roofs. Industrial samples also exhibit high average PAH and PCB contents, while the large standard deviations are due to the high concentrations in sample industry 1. The streets show also a tendency towards high PCB contents, but this contamination is rather inhomogeneous, as indicated by a high standard deviation. Petrol station, park, residential area and river samples show intermediate amounts of pollution. Lowest concentrations occur in the surface samples from the garden and Swayambunath profiles. Swayambunath samples show a steady decrease in PAH and PCB concentration with depth. The three profiles are contaminated to a similar level with PCBs, which can be seen in the low standard deviations. On the other hand, no significant trend is visible at the garden site. Swayambunath is a hill, with forest covering undisturbed soil. In contrast, the soil is regularly turned over and used for agriculture in the garden, which results in irregular pollutant concentrations. All garden samples, especially garden 3 at 20-30 cm depth, showed remarkable differences in the sum of 20 PAHs and EPA values due to elevated perylene concentrations.
In the surface soils, perylene is the dominant PAH, with an average of 14.6%, followed by benzo(b+j+k)flouranthene (10.7%), naphthalene (10.7%) and phenanthrene (9.8%). However, the proportions of perylene vary strongly (Fig. 3) . PCB 52 (19.4%) is the most abundant PCB, followed by congeners 101 (14.3%), 118 (13.4%) and 138 (11.7%). In general, the standard deviation is quite high for all PCBs, which can be a result of the different degradation behaviour of the single congeners under different conditions.
Concerning PCA with surface soil samples, two principal components (PCs) with an eigenvalue >1 were extracted for PAHs (explaining 82.6% of the total variance, with values for PC1 and PC2 of 60.3% and 22.3% respectively) and four PCs [explaining 45.2% (PC1), 17.4% (PC2), 12.4% (PC3) and 9.6% (PC4) of the total variance] for PCBs. Fig. 4 shows the factor loadings of the first two components. The PAHs FLA, CT, BAA, BEP, BAP, BGHI, BBJK, DBAH and IND, which are identical with the combustion derived PAHs, are loaded mainly by component 1. FLU and ACE are loaded by component 2. The other two and three ring PAHs NAPH, ACY, ANT and PHE, as well as the four ring PYR, are partially loaded by both components. PER has negative loading for both components. PCBs 8, 20, 52, 101, 118, 138, and 153 are loaded by PC1, the congeners 28 and 180 by PC2. PCBs 35, 206 and 209 do not occur or are only in traces in commercial PCB mixtures (Frame et al., 1996; Eckrich, 1996) . Their rare use is reflected by low or negative factor loadings of the principal components.
Source identification of PAHs
Molecular compositions of PAHs depend on factors such as parent material, combustion temperature and air to fuel ratio (Okuda et al., 2002a) . Therefore, their characteristic spectrum can be used as a fingerprint to identify sources (Khalili et al., 1995) . PAH ratios have been widely used to detect combustion-derived components. Fresh liquid fuels (petrogenic sources) are normally abundant in lower molecular weight PAHs, while combustion residues (pyrogenic sources) contain higher molecular weight PAHs (Zakaria et al., 2002; Chen et al., 2005) . The ratio COMB/EPA has been described to be on average 0.7 for PAHs of pyrogenic source (Hwang et al., 2003). Samples with a ratio < 0.6 are street 9, petrol station samples 1, 3 and 4, river samples 4 and 5 and industry sample 4 (Table 2) , which gives a hint that these samples are influenced by petrogenic PAH sources. On average, samples contain between 1% and 7% perylene (Table 2 ) while some show significantly higher proportions. Elevated perylene contributions were found for the garden samples, some of the river sediments and Swayambunath samples, and, most of all, in the residential area sample 1, with a maximum of 91.7% (Table 2 ). The result of the PCA also emphasizes the special role of perylene in the PAH pattern of the soils (Fig. 4) .
Perylene is not present or occurs only in small amount in the products of combustion processes, probably due to its thermal instability or reactivity (Jiang et al., 2000) , but there is also significant evidence that it can be produced biologically under anaerobic conditions (Venkatesan, 1988; Thiele and Brümmer, 2002) . Perylene quinones (pigments found in several insects, plants or fungi) are suspected to be degraded to perylene by anaerobic microbial metabolism (Jiang et al., 2000; Wilcke et al., 2002) . Another theory postulates production via biosynthesis, independent of special precursors (Wilcke et al., 2002) .
The 13 C signature of PAHs can be used as a tool for assessing their sources, as it usually resembles the signature of combusted material (Okuda et al., 2002a) . It is, however, very difficult to identify the exact source, because the d 13 C values of fuels are not distinct (Mandalakis et al., 2004) and they can be influenced by temperature of combustion (McRae et al., 1999) . For instance, coal (À25& to À31&; McRae et al., 1999; Sun et al., 2003) , gasoline (À19& to À30&; Okuda et al., 2002b; Sun et al., 2003) and wood burning smoke (À26.8& to À31.6&; Okuda et al., 2002b; O'Malley et al., 1997) all cover a considerable, and more or less the same, range of d 13 C values. The isotope signature of organic compounds is also altered during microbial metabolism (Mariotti and Balesdent, 1990) . However, given the relatively large size of the molecule, this isotopic shift should be quite small in biodegradation of perylene quinones. Combustion-derived PAHs are deposited from the atmosphere and are independent of the isotopic composition of the soil, while biologically produced PAHs should reflect the signal of the carbon source. If this carbon source is influenced by material derived from C 4 plants, than it should be possible to distinguish PAHs of biological origin from pyrogenic PAHs by the isotopic signature.
To test this hypothesis, five samples containing elevated perylene concentrations and five with normal perylene levels were chosen for compound specific d 13 C analysis. In addition to perylene, the typical combustion-derived PAHs BAPBEP, benzo(b)-and benzo(k)flouranthene (BBK, because the peaks could not be separated from each other) were analysed. As PHE is another PAH suspected to be produced biologically (Krauss et al., 2005; Atanassova and Brü mmer, 2004) , it was also included in the analysis. Decisive for selection of samples was that they contained sufficient amounts of each PAH to provide chromatographic peaks suitable for d 13 C evaluation. This was difficult, as especially for samples with very high perylene content (e.g. sample residential area 1) the pyrogenic PAH concentrations were very low, resulting in some missing values. Table 3 shows the d 13 C values for individual PAHs as well as those for bulk soils. The varying bulk values suggest a changing influence of C 3 and C 4 vegetation, dependent on location. The values for benzo(b+k)fluoranthene, benzo(a)pyrene and benzo(e)pyrene ranged between À20.7& and À29.6&, within the normal range for combustionderived PAHs. Also, the values for perylene at locations with non-elevated concentrations, and of phenanthrene were within this range. The perylene values are significantly more positive for samples with high perylene content, while isotopic signatures of the other PAHs do not differ much from each other. Especially for the garden samples, perylene is strongly enriched in 13 C, unlike the other samples, which could be a hint of a biological production. The garden is situated on the first terrace, several meters above the water level of the Manahara river in the dry season. It is unlikely, even during monsoon, that the groundwater level rises so high that periodical anaerobic conditions lead to biological perylene production. However, crop rotation with growing vegetables, wheat, maize, barley, or potatoes in the dry season and wetland rice in the monsoon season is a common practice in the Kathmandu Valley (Mü ller, 1981) . At the time of sampling, different kind of vegetables were grown on the field and no information on the further agricultural use could be received from the farmer but, in all probability, the perylene in the garden soils is a leftover of biological production, caused by the practice of crop rotation.
Anaerobic conditions occur in the river sediments, so it is likely that perylene was also produced biologically there. The situation is unclear for the residential area sample 1. The isotope signature gives no additional hint of sources, since all PAHs and the bulk 13 C signature are at the same level. However, a pyrogenic source of perylene can be excluded due to the high concentration in the sample. Remarkable is the fact that sample residential area 1 was taken at a spot where soil material, removed for the purpose of house construction, was deposited. So, it is quite possible that it derived from deeper, groundwater-influenced soil horizons with anaerobic conditions.
In general, a biological production of perylene by degradation of perylene quinones or other organic substances is plausible, at least for the garden and river samples and sample residential area 1. The higher concentrations in the deeper layers of the Swayambunath samples (Table 2) can be explained by groundwater influence. The reason for the relatively high concentration in sample street 7 is probably the result of the morphology of the sample spot, a kind of basin where several rain gutters end and which is, according to residents, completely flooded in the monsoon. Difficult to explain are the elevated concentrations in the litter samples from Swayambunath and in the industry samples 2 and 3.
Three groups can be distinguished using hierarchical cluster analysis based on PAH concentration (Fig. 5) . Clearly separated from the other samples are the garden surface samples, all river samples except 4, industry 2 and 3, street 7 and residential area 1 (group 3). Group 1 and 2 are of closer distance to each other. Group 1 contains all Swayambunath surface samples, all petrol station samples, all gutter samples except 2, street samples 3, 5, 6, 9 and samples residential area 5, river 4, industry 4 and 5. Group 2 contains all park samples, as well as street samples 1, 2, 4, 8, residential area samples 2, 3, 4, samples industry 1 and gutter 2. The group 3 samples differ from the others by way of elevated perylene concentrations and are therefore influenced by biological PAH sources. The PAH pattern of group 1 is influenced by PAH sources of petrogenic origin, while samples in group 2 are dominated by pyrogenic PAHs.
Source identification of PCBs
PCBs were never used as single compounds but as technical mixtures. The fingerprint of Kathmandu soils does not resemble any distinct PCB mixture: 70% of the PCBs produced globally were tri-, tetra-and pentachlorinated biphenyls, with trichlorinated ones as dominating homologues (Breivik et al., 2002) . Thus, the PCB pattern of Kathmandu possibly reflects the background contamination of ubiquitous PCBs.
The low values of trichlorobiphenyls 20 and 28 can be explained by their preferred microbial degradation and volatilization. The rarely used congeners 35 and 206 can be found in considerable amounts in some samples. Some microorganisms are able of dechlorinating highly chlorinated PCBs via chlororespiration under anaerobic conditions, leaving lower chlorinated PCBs as residues (Abraham et al., 2002) . PCB 35 is especially abundant in sample street 7. This can be described by the location of the sampling spot in a regularly flooded basin. Recently, PCB 35 was found in the effluent from a pigment manufacturer and in the surrounding surface waters in New York Harbour (Litten et al., 2002) . This could also be a source for the congener in the Kathmandu Valley, as pigments definitively play an important role in Nepal's textile and garment industry. As PCB 35 is not included in most studies and monitoring programmes, more research is necessary to confirm this potentially novel PCB source. The high contents of PCB 206 are probably caused by background contamination in the laboratory. From hierarchical cluster analyses based on PCB concentrations, only two groups were obtained, the first of which contains 35 samples (data not shown).
This confirms the suspicion that PCBs in the Kathmandu soils originate from a diffuse background contamination. Petrol station samples (except sample 4), street 2 and 5, industry 3 and 5, and gutter 1 and 3 are assigned to group 2. The reason for the separation is unclear, because there are no remarkable differences detectable in the PCB patterns of those samples. (Wilcke et al., 1999a) , Beijing, China (Ma et al., 2005) , Romania (samples from Bucharest, Timisoara, Arad, Baia Mare, Ploiesti, Calimanesti; Covaci et al., 2001) , several towns in the Seine Basin, France (Motelay-Massei et al., 2004) , Bayreuth, Germany (Eusterbrock, 1999) , Hamburg, Germany (Institut fü r Hygiene und Umwelt, 2001) and Stockholm, Sweden (Mandalakis et al., 2004) . The 20 PAHs measured in Stockholm include three alkyl PAHs instead of NAPH, ACY and ACE. The EPA PAHs measured for the Seine-Basin lack NAPH and ACY. In Stockholm only lake and river sediments were sampled. In Romania, in addition to the 7 EU indicator PCBs, 12 less important PCBs were measured.
Contamination level in a global context
In general, a trend of increasing pollution with latitude is visible. Accordingly, Kathmandu fits well into a global distribution pattern of organic pollutants, with low concentrations in the tropics -despite high actual pollution -and high ones in temperate regions. In warm/humid climates, microbial degradation and volatilization seem to attenuate a high input into the soil. Additionally, the relatively high altitude of the Kathmandu Valley, which probably leads to an acceleration of photodegradation, has 
Conclusion
Despite severe actual pollution, PAH and PCB contamination in urban soils of Kathmandu has not to be regarded as a problem. Average values are in range of reference background values. Intervention values are not reached by any of the compounds investigated. Pollutant concentrations are lower than in temperate regions but higher than in the tropics or subtropics. Most of the contamination can be explained by diffuse background sources, which are traffic and industrial emissions for PAHs and the ubiquity of POPs for both compound classes. The gutter is an exception as it acts like a trap, resulting in relatively high pollutant concentrations as a result of accumulation. Samples industry 1 and street 9 can be regarded as ''hot spots''. PAH ratios indicate that combustion of fossil fuels is the main source for PAHs in Kathmandu's soils. However, petrogenic sources also play a role. As the abundance of perylene in some samples is too high to be of pyrogenic origin, biological production must be the cause. The significantly more positive d
13 C values for perylene in samples with elevated concentrations confirm this assumption. Tetra-and pentachlorobiphenyls are the most abundant PCBs. The congener pattern, the result of the cluster analysis and the low concentrations indicate that a background of ubiquitous PCBs is the main source of contamination. Pigments used in the textile and garment industry are a possible source of congener 35.
Accelerated microbial degradation and volatilization, enhanced photodegradation before and after deposition, the relatively short accumulation time of pollutants and, in the case of the PCBs, the lack of acute contamination sources, might be reasons for the low concentrations. Concerning the state of soil pollution, Kathmandu fits rather well into a global distribution pattern. There exist numerous publications dealing with PAHs and PCBs in temperate regions. Compared with this, there is still a lack of studies concerning soil pollution in tropical and subtropical environments. Data on PCB levels are especially scarce. Therefore, to confirm the distribution pattern described above, more research is necessary.
